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(57) Abstract: A semiconductor light-emitting device such that threading dislocation from the substrate is suppressed, the number of 
manufacturing steps is smaller than conventional, the crystallinity is favorable, and the chip structure is micorminiaturized. A crystal 
layer having a slant crystal face (e.g., the S-face) slant with respect to a major surface of a substrate is formed on the substrate. A 
layer of first conductivity type, an active layer, and a layer of second conductivity type all extending in a plane parallel to the slant 
crystal face are formed on the crystal layer. A reflective layer extending in a plane parallel to the slant crystal face may be formed. 
The crystallinity of the crystal layer having a slant crystal face slant to a major surface of the substrate is favorable, and it is easy to 
prevent threading dislocation, microminiaturize the elements, and isolate the elements since the crystal face is slant. 
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£j£ft-r§o ->U3> b*-^OGa N133 tt8l'3TV>fc>'U ^ > K — 
:/<DGaNS3 l±Cfi!cfi1-S^ LfcT5 < jfcfi&lBfcttS ££«£I5fc; 
*fbTfiiSH/fcSjilt:«koTfflBI*«i*n&7 ! vft«Mt!a:oTff<. 
]$,&\zmm&ftlfZ>t£ft> AA«tMO'>'J3>H-/0GaNl 3 3 
5 fifcfi-f^, t^llMbfc^l?t)GaNi3 3|^±W 

1 CD fcf y ^tt+SHC* LT* < 

**|«|©**3jG*§II*« 1 15-20 nmnm. (-52^7 

. 5-1 5 wmgg) fcfc^fclB, S^ttAftitUTf 0- 52© 1 . 
10 6f SUfctato^ 1 0~1 6 /tmSltfc&5. Tife, rtMMOjzmZ 
*m 15-20 Aimjg^ii^^T^ D, #1*. tiA^i®^f $ £"11 1 0 

U n > F-^©G a Nl^^fib> ^©Mgfi^^ffiit I n G a N 

is i3 4Mt§, fot, f&&um&±&is, $&i 3 bik^-* - ±5 \Z 

» K-^OG a Nl 3 5 *J*fit5. ^OlCInGaN 

I3 40S$[JO. 5nm*5 3nmiaT?»*. SSlCiSttJi* (A 
1 ) GaN/In G a N©if #Pi^^II?#Fift2fct5 t 
t>* 0 , KliUTSffitSGaNSfctt I n G a N£JB^T^S 
20 -E-OBSL InGaNOtaciHttAlGa 

-£<£>^ ffittlT^§ InGaNl3 4*«ktfpIi'7f H1T?*5 
^{f*5/VJ* F-^OGaNl 3 5 ©-H»*a&«fci5V*«*ClfcSbT$' 
ij H > H-^OGa NI33 £>-gB $ 1* 3 . $ S U£ 
25 If l:j6l/i^HT i / A 1 / P t/Autl^If t5o Z. tiffin* 
13 6 £&<i>o £ e> l:^|±l;^LfcfiItN i /P t /Aug; 
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fcttN i (Pd) /P t /Au&mm-rz* ^©Iffc«fcDp«S37 

10 77^71^3 O±tig^ItbT0i/Un>H-7 , 0GaNi3 3* 
i©^'j3>H-y©GaNl 3 3 <b «M£l-b 

I nGaN!3 4#^/&2n, ££{;:^<Z> I nGaN!3 4±l: 

20 *:<ommm.=?fr u ^ aj^^-.o^> Fo^^m^-r s ^ t o , 
sis&wftv/ i i i jt^i^<-r-5Ji t&asm-e&Q* Mi&znz^mfa 
^m^fDm^t^t^m^ z. si£3£®tec+mT& 
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&33, &m&M*VteMW\Z>'V 3 > F-^0GaNi^I«yf>^l 
<fc5 lcLTtffcigltI0>''J 3 > K-y©GaNI±«lt5 £ 

ij3>H-^OGaNl3 8Cgi3 9*^^$n> -e<z>tM##> £ © 

InGaNl3 4)i)^)5:5ffitti, ^^y^AF-^GaN 
10 13 5*6&5pl^7y h'l, pt!37, nnM&m&Zn, In 
GaN|3 4^f.0fg©$S©»Oai$n5. 
gUMffl 3 

iSTfA 1 N^fcttGaN©^fn^OA*y7 7l^^^t§. ^-©m# 
£1 10 0 Ot:CbTy'Jn>H-7'0GaNl4 1 £Ji*J6&-r3. -?-<£> 
20 ^, S iO^fcttS iN$ffl^fc?X^I4 2§iffll:I$10 0~ 
BOOnmOliTDlb, II 8 iC^ti 5 II, 7th'JV^77 
^f-<!:7 7i*X75 1 t>h§ffl^Tl 0 n mU&<D R^tfc© PI □ Ufa 

25 ^Kf?^ SIcMgl OOOtT?y'Ja>K-7®GaNl440i 
HJ&gSrfr?. Mi 81, y 'J n > F-7(DG a NS 4 4 ttRf O^M4 
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3 #>6»J&*-r&y^ Ufcr&<J5fcfi*«tt3£J3lfflj&*Sig (1-10 1) 

5 (SStlS. f CMfiS^iiLgttltft§ I nGaN!4 51)$ 
fi-T&o |g2 0 SfC^Tcfca \Z. )$filSSBi;±#3t, p 

S!^ ^ y KliLTOT^i/^A H-^OG a Nl 4 6 &J&*£-fr3 
. -eoi^O I n G aNI4 5 ©JP-SttO . 5 nm*6 3 nralS"C^5 
. $ ZlzMmoMMM 1 , 2 ^HIK:, (AT) GaN/In 

io g & N(Dm^#wm^&mm^#7 s mtz.E\z.~?z>z. t%$>x> , ^hi 

£UT«flB-r*G a N^fc« I n G a N £JE ViT#«^it if 3 H 1 1> 
«€-<BRL I nGaN©t<*±0ilC}SAl GaNl^MtSu 

^©m, V^i'lO- SB£i8n ITG a N14 1 £®ai£ii\ $ £> 

4 7fcT i/A 1/P t /Auti^Iftl., .dft 
^nl@4 8 fcfc*. $ 6 II^i±(:^ll/fcMII:N i/Pt/ 
20 AuJ&IINi (Pd) /P t/Au^IftS„ u©lfl: j;D pi 
i4 9 ififtf&TZ (12 1 m) o ZtlZOmmoW^ p«@4 9 , nl 
14 8 «fn^tligJ;<Itt§ Z. t^ST»5. ^22 

25 ^-rs. , 
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77^71«4 0±(C^^a«t75:^'>U=i>H-y<7)GaN*4 1 £ 
ftl,xm&V1tmBiM£lsT<Di'V 3>F-ycGaN!44§tLl 

InGaNl45 *U £ £ I nGaNi 

4 5 11^77 HltlT7n>"^A F-^OGaN!4 6^?£/&£ 
nTV^o p!I4 9 fi^^S^A K-yOG aN|4 6<D±®tC^ 

-yOGa N144 l:^tLt^§. 

15 ^mmtev/ 1 i i jt^i^<-r^^«b^"i^-e^o, j«2n3¥an# 

^flSff!l4 

25 Mvt(ommim&!&&t£&TMm?%¥mfc&ft%T<oM~e$>v, 124 
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itLTOy'Jn>|^-y©GaNl5 l&Mf&-r& 0 >t(D'&, S i O 
5 2 £fcteS i N£ffl Vife^X^S 5 2 100~500nm 

i53 SVX^i 5 2 ^©i^O— S<D7^[rJ« 1-100 

10 ^.5, 

#£15^ J&SiSS 1 0 0 0 'CTv'U n > H — 7°<D GaN|54 <Dffi 
HfES^fr^o 'J n > H-7"OG a Nl 5 4 ttRf 5 

3^£>J&ft-r3/&S, H£t><J&&&mtt%> tli^S® (1-10 1) 

15 #t-&3Wt&3j&^ ^ii^^Un>P-^©GaNl5 4$f^Lfe 

75: 2>o ~?Z> 2 5 miZmT£5iZ, 1 6 tfm@SOgi«5 3 £ 0 
Jg®^jA^ofe->U n> F — y'<DG aNJf 5 4/^/&£*l3. an 
20 Mm<D*&l£&m 2 0 jimgglJMiT^ D , A £ £ 

ifS 1 0 /z mmm £ T § d t. h "SJ b£ T & Z> o 

$^I/U3> K-7 1 OGaN§^Sl > fOi^SSS^fiiL^ 
ttiift§InGaNi5 5Mt5, ^(Dt^ ^2 6il:it<fc3 

25 —7°(DG aNi 5 6 f C^OI nGaNl5 50l$li 

0. 5 nm^e. 3 nmg^^§. (A 1 ) G a N/ I n G a 
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-OfclBfS G a N££te I n GaN^UT#ifjSi:TSuifeJ&5 
. -e<£>E£, I n G aN(D^-<±<DMiZitA 1 G a NjB^r^ft-T^ Z\ 
M£bV>. £<Dg:PgT^ I nGaNll S^Y^i/^A^-^Ga 
5 NJi 5 6 teM^5 3 <DmmW7*9m 5 2 OltTlfi^tl, l2fiK 
ftlTfe5'>'j3>K-yCGaNi 5 4 CD^^^SS^tlx 

I nGaNl 5 5, °?tf*i"y& F-^CGaNf 5 6 <Z>)W7W 

t<D'&, -?m?m<D— £B£MPl/-=CG aNl 5 1 £«ffi£-fr v £ <b> \Z 
10 ^©iSUfe^5 7CT i/A 1/P t/Auti^Ift§. utl 
^n«® 5 8 £&£o $ e>fcA^^±^^ftb^:S^«{CN i/Pt/ 
AulfcliNi (Pd) /P t /A\i&MM?Z>. z\<DMm\z £ r> p« 
I5 9^t5 (^2 70) o rn^iiOl!, Pt®59, n* 

ms 8\$^n^nmm&<mm?%z£&!&^-T:&z>* 128 

20 -T^^-yr^ rmWLS OlcmiiftSy'J 3>F-y©GaNI 
5 1 ^lTfiKllfci2MIiLTCy'j3>F-y©G aN!5 
4 £WLTV>5o :®y'j3> b'-^©GaNi5 4 

^ & jk® £ w-r 3 £ o \z mj& $ nx „ 
25 z.(Dsmz^-fx \zn&VTZzz>MW.T*m&mT* 

$5 I nG aNJB 5 5/W/&£fU $ ^>\Z^:<0 I nG aN|5 5±lZt7 
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=7V HltLTT^^^^A H-y© G aN15 6 3^j&£*lTV>3o 
P mU 5 9 fci^^^A H-^CDG a NJ1 5 6 ©_t® {C^/&£*lT:fe 

Ti3D. y'Jn>H-y©GaN|5 1 ^LT->U3>h*-^©Ga 

^0GaNl5 4, I n G a NJB 5 5 & &tf~? !f ^ i/ V A H-^CGa' 
NI56 <D:£g&£fcfci-g&;^l?^5 3 O^i^T^^i 5 2 JtKl£T 

JCcfcoT^^iiJ^LfcS^-et), 7X^1 5 2 #tfg 1 }%&m 510^ 
i#Si:bTatgb^^e>n«^5 8 <hpM5 9 &mn\ZfrM LTSSiSg 

15 £^ I nGaN!5 5^<t^^^'>^AH-^OGaNl5 6C 

%o ifc^ot, ^Mmm^^^m 5 2 KigLTfgttJi^&s-r 
v/i 1 1 ft*m<-?z>z£&~*smT~&v * m^n^^m^ytm^- 
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5 jj^5 

Ot#lL 10 0 OtT'IlMIttt©->U n> H-^0GaNl 
5 1 &MJ&-fZ>o ^(Dfe. S iO^fcttS iN^l^f:7X^15'2 
&:£®K:J¥£ 10 0-5 0 0 nm©figBT7§^ 7*h'J 

15 ww$-7x^i5 2Mn. ^©t#©-iao7jiS]«i - i 

^tSg. /&ft2S« 1 0 0 0TCt'>'j3>F-y©Ga Nl 5 4 ©fg 

20 3 ^5^St5^, L«^<MW5tSWSM (1-10 1) 
«fc D&3A:fc#§(27§m2:®Mb-r< -So J« D 75: ^mtrUKft 

«bfcf& Afti©^#$^i2 0Mm@g (—52** 1 0 

uraUm IZte-ofrm. S5SttAftHtl/T-€-©-a© 1. 6{§@^t 
25 1 6 MmgS©f« 5 3 <£ D feUsiS^JK^o fcv' U 3 > 

0GaNi5 4^fJ«^ns. AAfil©^:**^© 2 0 /tmSfl? 



59 



WO 02/07231 



PCT/JP0iy06212 



tit&S I n G a NI 5 5 £^fi-rs„ J&SiS«Pltf_t# 
5 p^^ ^ y FJg £ LTOT^i/^A H — ~?<DG a Ni 5 6 

fi^fS. Cine I n G a NI 5 5^-??*^$ A K-^CDG a Ni 5 
6 fCO^T«HiSF!l4 <i:|ig*l7?&5o £©©1^7?, InGaNI5 5^ 
Tif^z/VA H-^OG aNi56 tt&ffitt 5 3 ©^lO^X^lS 2 
CD-hSSTfMft^n, i2^IiTS§^'Jn> H — ^/CD G a Nil 5 4© 
10 iMS^n, ftttIt$§InGaNi55, H — 7 

OGaNl5 6 ©«B{85j$*Jgj££n&V>i:£)a>5, S&»CD^ftS*^fc 

SIS 5 0±(D'>'j3>H-y©GaNl5 1 £> — SBRfc£ L T 
i/Al/Pt/Au^I^|ft§ t En*«n«*I6 1 $ £> 

/P t/Au SfcfiNi (Pd) /Pt /Au^IttS. Z\n\Z<kQ 
pIl6 2«t5(i3O0). — jRfc, AFMTSen&Xry^ 

20 US. Z.<Dfa#>, Z\<Dm±<Dffift%:ffi^T pn& 6 2 ^f^ttSc Cine, 

GaN|5 4 tTX^OTHM^tlfc^U □ > F-^0Ga Nl 5 1 

tojR^i:^nTi/$5 tiittut^©^ "€-*Hen»#«fc<£» 
25 afrits (I3ii) „ z\niz&K> z\(Dmm\z£z>5£ytm^&$z 
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4, I n G a Ng 5 5 & <£ tf^ ^ ^ A h'-^OG a Ni 5 6 <D^U 
£fc, InGaNl5 5^J:^n^AH-y0GaNi5 6 £ 

io . §15 5, 5 6 ©™m^x^ll:gt§II(:T5i:t^f 

> i33 ^&V>bfg3 9 ^£#mb&^e>^<2li^£lBBJT3. 

0 0 OtT^ 1 J&ftH<h LT£>~>U 3>F-y®GaNl5 1 
3. -e©^> S iO^fefiS iN$iHfc7X^|52 

1 0 0- 5 0 0 nmCDiHtffilct. 7t h'J V^77^-t7yfl 
25 3^ > h SrfflViT 1 0 u mUM<D R 7^0)11 Pg&fr £> 

YX^l 5 2 ^J«-f lOtfO- a^TjfRl^ 1 - 1 0 0 7j|6lK:lt 
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wzmm.. &Aum 100 or-tr^u □ > h'-y©Ga Nl 5 4 <D$g 

Hi&*£fT-5. m®. ->'Ja>hW©GaNI 5 4 ttHJB©M Pffifr 
bfcf£>0£§£gm5£^B^S® (1-10 1) J; D 

JBttfc&Sj&S; AftiS'>U 3 > F-^CGa Ng 5 4 SJ&Jfcb&gfcb 

1 6 tfrnaftOMttJ: 0 feJSS^/r^ofcv-U n 
>F-yOGaNl5 4M$tl§. 

10 ttJf <h&5 I n G a Nl 5 5 SfiJSfifS. fifcftiSS £?f t^-tH- 

Si*, pS^7 7 HlttTOT^i/'JA H — y©G a N| 5 6 
S$ii--5o CI tl6 I n G a Nl 5 5 4>V^^A F-^CGa Nl 5 

6 iz-D^T^mmm4 hmm-e&z* za^m-v. inGaNiss^ 

K-^©G a Nl 5 6 ttJS««©«H©TX 5 2 0D_t 
15 tTlft^n, |2^figTSS'>'j3>H-^0GaNg5 4(OM 
7«$I£*U I n G a N« 5 5 > ?^>")AH-^OG 

aNl 5 6 ©««^$tlfi:V^tjl>6, O^ft; ^Bfrik 

20 OGaNl5 6©Sgi©SffiMCp«i7 1^IM5. pii 7 
1 &Jgri5b;fc8L 1i-77^7lS5 0 OiffiJTR I .E £fctt^>f 1*— 
fc 7 2 £^/£bT#Htb, 1j-77^7lfi5 0±t*^rt 

25 f>m*lfcl, if iOlffi^tMCT i / A I / P t / A 
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mnm i 8 &itvT&j&zn2>mffim 1 9 ficrn 3 3 ai:st«io# 

■5 T^afe^tTo ^-O^, ^3 6 0Al:§tj;5H, tf77-f7S«50 

X^^Vlx— 9 s (^2 4 8 nm) 

iIfli#t5Ga^iiLfci, I&3 6 mB\ZmT£?\Z 
> ih^T'l'TS^S 0 £f!|gtbfcMK:N i Y^i?^i'©TX^M$M 
10 b, 0dA«i!ft*^fX*&^VifcR I E\z£ Qm7rm&frM?2>o ±IBT 
X^M^iibfct. 3(HHB!©*®gS#k:T i /P t / Au^S^ttT 
i /A u 7 6 £^J&-T£o 
13 7 Bfc^JfcU&^frfB^^Wffifc^-r. ±?3n*«7 3 tt 

15 i3 8itt^Lfc^i^if Z 

©^JT*H, ^2^SI1?»5^'J n> H-y^G aNl 5 4©/A^(DJg 
MlC^UTA^l^O^P§P7 5 ^n«!7 4 £<E>£5&«t5t 

ti^T. %ytistc.yt&^%i\zftmzm< c t^*et§. 

Sfc, *HHlfl0-«tl/TntSSaW«itl/)tiItt*ui: 
20 fe-e^^o IB3 9 HttStR^&* : ?ai5^t^SfR«*X^r^-7 1>' — 

^ffl^T^il, m^CD«®fiHcMI9«M7 6 ^^^bfc^^^^r^-r 
t)©T«§. £43, SH^SMmaia 7 0 IC^lT^f it© *> tf> £ PWc. 3/ 
U □>h*-7©G aNJl 5 1 <D ±\zmZ tltc*? 7. ? M 5 2 

25 nGaN155, fei^T^y-?^ b'-7°©G a NI 5 6 d^^^tl 
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tlfzi/V 3> H — 7<DG aNi 5 1 ©MlCL) 7 VJryUE^&iTW 
^^tlfclTO (Indium Tin Oxide) ft£®ttftJ|'?$S. 

m4 o m^^.ht^mmmm7 6 £^fc^#^*^£^-riiJr® 

BITab^o £(E>£-5£:*tji<i:-r5 £ it, '>'J3> F-^OG a NJB 5 
5 4 33<fctfT^>"^A H — y©G aNi56 i;*l7c:?£t£Jf t ITO 
I n G aNM 5 5 <E> fg£ b fcfttejg §81141 7 6 &33ft bT#tffi-T 

15 -5. vMM 7 1 tt^ft«6©lH^ifllfciBKSn* H 39itt 

i76 (iy'J 3 > F-y©GaNl 5 1 OSli fcJtttWJKViiSan?^J« 

20 HMM 7 

§ o 

3g4 lHfcjSt«k5fc, St±®$C+®tt5f77'f7iS8 0 
25 _L£, ^■f5OO < C©MT*AlNtfcliGaN0^ftl^©A'y7 7 

-€-0Dm#ML, 1 0 0 0ttlTS/Ua>H-7 , ©GaN 



64 



WO 02/07231 



PCT/JP01/06212 



181 &j&J&~?Z>o ^r(D'&, S iO^fcttS iN&ffl^f;?^^f8 
2 Zi&'ffilzmZ 1 0 0~ 5 0 0 nmOffim-ei&l&h, 7* h U Vify V 

0 0tii}:±#l, y ij a > H-^©G a NI 8 4 v U 

IKg&&0A*l*lCD«ffiKiSS£ 11-2 2®T?iBlt>n*«fc"5K:TS. 

V>tt&< ftofci $f.lly'j3> H-^©GaNlSMt5 

. fOMfi^SSiibt, ffittlt^S I n G aNl 8 5 £fi£fi-r 

V7AH-y©GaNS8 6 -€-<DI^O I nGaN18 5© 

15 JPSttO. 5nra^S3nm§gtJb5 t $ 6 {£ MS££>ll»!l 1 , 2i 
mm\Z. feVkm* (Al) GaN/InGaNOlf#Fi^llf 
#P»?a:^fc-r«21fct)*D, 134 HBtbTiit^GaNtfclil 
nGaN&ffl^T^liitt^^tfcSS. ^-©i^, InGaNOt 
<±<DMlz\ZA 1 GaNi^gtSi:t^Stl/V^}t Mat ©HISS 
20 Ml> 2 tmffi'V&Zo 

^<D'&, ~?7>&M(D — p?SiPl/TGaNS8 l£:§i£tS$it, $ £ (~ 
^•<D^*Ufeg|5^{rT i / A 1/Pt /AulI^lltS. Jin^n 
118 7 £&5o $e»JC^^i6±(C^Sbfeg^^f'N i /P t/Au 
£fcteN i (Pd) /Pt/Au§Itn. E©»S*K:.k 0 pti8 
25 8#5£/t£-f£ (i4 3i) . ^neolf®^ PSI88, ntl8 
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7jk-rm z ?ffim*mvT&K>. s®£:#-e«&<, 11-221^.1^ 

5 n;cy'j3>H-y©GaNl8 4$f l/T^§. £ <D £ o fcMm £T 

15 Iwl^lc:, <£2&/\^.y ? rm&mj&L, f©tMbl 0 0 0t;fy'j3> 
F-^OGa NI9 1 -€-©m> S iO^fcfiS iN^ffl 

^t~~?7s?m 9 2 ££:Mf;-.J¥£ 1 0 0 ~ 5 0 0 nm<D|gffl-e^^L, 

ffl^Tl 0 MiniSCRf tOiiP^^ e>&£,&M^9 3 9 

o 

^(CWS, J&gii&m 10 0 Ot-T^'J 3 > F — 7<DG a N« 9 4 
H,/&S?Ht5o U 3 > F-7*C G a N| 9 4 ttRf ©Mi 9 

3^£/&ft-r£7fr^ Lfcf £ < £feS£^tt3£JlB#S-fJ (1-10 1) 
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ofe^tfclC^U =i > H-^CDG a NI 9 4 <D Mtfi ^Um^t 3 (^46i 

5 ttlt&S I n G a Nil 9 5 &^ft-T^>„ §47 EMd^f 5 

-^©'GaNl9 6£^S£i2r3o ^©^O I nGaNi9 5©J?£te 
0. 5nm*6 3nmi«T*0. a^FJl^**^ #F Jf & 

10 

TXi7lO-g|5&iiPLTGaNl9 1 £®ffi£-fr. 2 £ \Z 
•e<DBfc£LfcgB# 9 7t:T i / K 1/Pt /Autl^lftS, Jin 
#«n*ff 9 8 £ S CA^i±HMlfcI^IHN i/Pt/ 

Au^diNi (Pd) /Pt/Au$lft5. ^OiiCiOpt 
15 i9 9^f§ (§4 80) o d*ie>CD^»<Z>^ P«I99, n* 

M9 8&j£ft'enmm&< : mm~?2>zttf!&m-e&z>o ^<d^ §49 

77-f7M9 0±KlJ&j£$ft5~>U 3>H-y©GaNi94tt, -h 
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£fc> ->'Jn>H-y0GaNl94, I n G a NM 9 5 if 
^^>>A H-^CDGaNI 9 6 ©^g&^fcte— 9 3 0)mM<D 

ma^mmommmm^n. n«@9 8 <t P «@9 9&mmizftm 

5 LT^^SrKrihT^^o I n G aNi 3 5^J:^T^y!>A F 

— ~f<D G a N136 ©M^it^X ^ Jg 9 2 fC^T £*gj£lc:-f £ il £ 

10 151 m& £Z*m 5 2 0«7^^l^#^^jicr)¥*#:^^^©ffi<D« 

it^sr^-ro fgs imitmmT<Dnmmmj:m&^'?m-v&z> 0 isi 

TB&SL* */\} Zi > H — y<0G aNl 9 1 <D«ffi f£ n «1i 9 8 b&mtfl 

>F-y©GaN!9 4, I n G a N JB 9 5 ^cfc^T^^y^A H — 7" 
CGa Nil 9 6 <D±M3it£l$— SB^fi^<£>MB i7 il 9 2±{^S 

T^ft^tl, ^©»^^tfip*@9 9^^$nTViJg,„ 

£<Dlil5 1 0£5ci;tffg5 2m\Z^;-?mmM\zjo^Tte. n*^9 8 b 
20 £?->U n > F-y<5Ga NI91 ©*® K^OIfcffl £ % ^ Jf 

25 <D¥mfomytm?lZ&^Th, nfl9 8b©^feDIIITOifei:^ 
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5 3. 

„ nmmi 0 0(^7 7^7118 5 0 (DmfflWX&m 5 2£KPbi>c 
10 Ti/Al/P t/AuSSSIitS^iTf^^n^. £ 

€5 5 £>©T&£o Ni/Pt/AuJfcSNi ( P d ) /Pt/ 

AuiiJifLtpiS 101 sr^^-r-s,. uopti 101 hfc^ 
jfcpiii 0 1 *«suK:^^bTaa[i/fcfli#&4ft*&ixT, 

->U □ > F-y©Ga N154, InGaN|5 5 &&T$~?>f%-^V 
i> h'-^CG a-Nl 5 6 0£«f:3& 5 3 ©MlC^Xi' 

25 S^ig©^^^i^fp$n> n«M 1 0 0 t pll 1 0 1 SH^fc^liL 
T@M£B£ltT#3.> icfc, InGaN!5 5*i^^>"^A K- 
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~7<D G a NJI 5 6 <Dffim&\$.m'?.Z. 2 M 5 2 CgST SASSSC?* 3 d 
«T 3 c: £ # 5 , SttJf © .if © fc KTJh $ n* c <h & 
5 HifiM i o 

Eg«&*j£Lfc'fe©T?*"5. S5 4@ft -^cDcfc^^M^^^gmS 

<Dv>mm 1 2 4 fcI*»E&#fef&-f «&«£>©£« 1 2 6 R, 12 6c 12 
6 Bj&qEStlT^S. n«tl 2 2«*ltStl, i^SClSUT 

H*rt©M»sff 5«:©©aiRh 7>^x^^af t>»^$n*. 
15 i 2 o ±tc«^rx^s i 2 5 ^m^^n-r\zm^nx^ o , ^-©tsb© 

->U n > H — ^©G a NJB 1 2 1 £ (D&m&Mm-? Z>m& £ £:nTV>§ 

o 

20 ^tl^tlStIfc«^nfciI§tlT^.§„ #Eil2 6R. 1 
26G, 1 2 6 B lzm±LVfrim^ C tT, liiigitbT 
2#7C©iii«i£St^:-r£ ^ £j&*rJIBT!» D, =&@S^ 126R, 126G 
, 1 2 6 BtC|WUS-5§£-^<5 Jlif, iiSgltLT^tSCtfet 

25 &43, J:ifc©&*ii0!<K ^7 7-f7lfi±t:M/\ 4 7 7 7l^M 
Lt*^, GaNl^Sf, -€-©«K:»&-7:**«J&ri&LT»ftJi!G 
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±\zmm-rZ>fcVf*V}%73i<. S i ±\zW.mm9 0 OtfGaNl^M 
IsfcQ. S i CJttCl 0 0 OtTA 1 N£5 mfiKISMGaN^ 
^S^ii-fcD, G a NSS^fffl lT^©W?X^^Mn £ £ 
5 T*>&V> 0 

mmm 1 1 

**«Jtf>¥##f£}fcii^teU #l*-fcfC (0 0 0 1) Sf77-f7l 
^ A 13 1 ±tnIGaNlA^^:5TMfiI 1 3 2 & 

MOCVD (MOVPE) O^IfilcSl, v-U'3>m^J^,- 

TOTXi'I 13 3 ^r^^-T^o 

133 izte7 f snmw;<Dmnux~&z>&mm 1 3 4#?jg/& 
$n, ^o&mmi 3 4frzmiRf&miz&-oTmi&2nr£mmE.ftmvt 
(Dm&j&mmi 3 s w^nx^s. zwm&m&m 1 3 sra^j^ks 

15 nlGaNi^AlGaNlA^aD, ^ <D $r 0 IE H:ii 

20 ilbTM^nfenl^7>y Jf ©_hlC*g<l4Ji 1 3 6*j;i;pli'7 

y Kit uxmm-rz>?B2mnm 1 3 7^iisnt^5. ^n^^# 
11 3 6*5 &ztpm?7 v ^mtvxmm't^^2mmm 1 3 7\*m& 
1 3 5(Dsm&&m.Tz>&?\zmf&t£nx&o, m&m 1 3 6« 

M$lf&&\Z& t)Mf&ZtlfzigiMi!&&m 1 3 5©SS!:f^TMS^l 
25 3 1 (D^m\z¥?rXU<n&-2tlT^2> B M 2 M^M 1 3 7te0il;U;£p 
MG a NI^A 1 G a NI*^^5. SftJl 1 3 6±Ctt^t)Jj)5A 1 
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^2iti 1 3 7±tc«, DmmtvxffimTz>m2nmi 3 

^ttfNi/Pt / AuifcttN i (Pd)/Pt / Au^fO^f^i 
Iia^TM^tlT^O, nilttTliraitll 3 8 tf*09 
5 ^tfTi / A 1/Pt / Au&H©^i^Mll:,toT7^?Il 3 3 

swnufcss^fcj^^^nTVi*. iitii 3 8^^2111 3 

10 5^ 6 te^liJ&SJi 1 3 5 ©S®{c:»^T^S*^ 13 1 

<D&Mizw-ffefc<te&'£tixtez>itib\z* ^(Dm&m 1 3 6 o®«s 

15 5 0tC^-rJ;-5 \Z. Sttll 3 6 0ltS$i 
1*«1 3 8 ©MS 2 t^HfiSfiWl 3 5 
15 BfiStSlOfP (S1+S2) iOfcS^t^f i^Sf ^tbTV^fe© 

^S2tt20//mX5tfmig ( 100 jti m@S) > TSttS £@2g b TcifiMiffi. 
20 IS Ki^f <tfe20/iraftgi© (400^m@S) — 31 

MttS 6 £>^®3*&20#mX20 J tim/cos45 0 = 566 ju. m'thft: D , SI 

25 m*:-?z>o 

B5 6 Sim 5 7 Btt»iSJSft*8[fttS IWTffittl 1 3 6 <D®« 
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13 6 ^ JlfiSft/f 135©S II^^TMIS 13 1 

w i ^^mmmw 2«fco < & d , d £ % -=> xM$n 

io ^*^ip^.T, muizm mm- is T£sm&$\m-?z> ^t*^ -t 

5£3iVZift%:$bm&< m^mzm< z. t^T^^o £ 

fc, 1 3 6 ^&^{C^ilbTVi§^3t<& ££fc«6, fg'l£J113 6 

fh&^*-S^&< Mfc &-z> tffittl 1 3 6 Of^lffil 
. ilW 1 2 

X h 15 4 15 0 _t(C 

Mf&TZM-e&V > 15 8 EIK^-r J; 5 /£S*&1 5 0±3#^$n 
fcTtfJJ&S)! 1 5 1 _t£>^X#S 15 2 <D^«J§S^£X h 5-f :/tfc<£>£§ 
25 Mil 5 4«$nt^5, ^ h^^^C^^MIl 5 4« 
^©fflffi 1 5 6t^S®££*U i^l/fcil 1 5 6 (Cfc^ttJS 15 5^ 
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M&ZtlT^Z ZL MttS 15 5 ©M»«£§ilJ&ftB 15 4 ©^ 

^«SW 1 3 

5 *mmmfe. ^^MOigafiEii 1 6 4 *^gs« 1 6 o±i;f 

T*&J«fi*i 6 l_k©^X^Jll 6 2©iTO5X h7-f^T^9 
fi:##JBtt©ilSa/*;RJB 1 6 4«$nT^5. fi#-&?Btt©tti&J* 
fi« 16 4 tt-eofljll 16 3 S^SSt^n, S#>^[«J©#H§B©® 1 6 
10 4(t (11-22) ®<h£*l£. ^HjfcfiS 1 6 4©_h® 16 3 C 

flfS 163S, 1164, ±® 1 6 3 CfcfcJi&Sn, 
15 jfetfilW 1 4 

T*fiJ&fiJl 1 7 1 _t©TX#Jf 17 2 h U ^X^lCgB^J 

$nfc/i^->T-Eg^i^^^^cD^^^*]i 1 7 3W^^nxv^. 

20 Ba£ft£#J&tt©&£j$£JB 17 3 Life — MM 173S^SI 

i$n> f&CD^Ufc— MM 174 tt (11-22) M »A 
J$&Ji 17 3 ©±m 17 3 Ctt2£«3EiB£Ht;c®£3n*. ?£teJB« 
ia^^#»§bT^^^, 173S, 1174, ±W 17 3 

ci'fes&^n, fs-ftjiosiategsiijj&ejs 173 <D?ti»<t 0 

74 



WO 02/07231 



PCT/JPOl/06212 



mmm 1 5 

*MMMte* m6 imiz7K-r£o\z, jsftmMVtotiB&f&^m 1 8 3 
8 0 ±\zm&-?z>M-e& v , /&*sisi 8 o±mf&-znfr 

TMf&&m 18 1 ±07X^11 8 2 <D?M^£T h U ^X^lC@2^!l 

5 ■zntcrt?->~e*nmMW;<Di£&j£&m 1 8 3 «$nt^-5. a 

^$jt?«©fc!illJ&*Jl 1 8 3(^©MLfcM^S®<i:$n, ^14 

^ssic^otift^ti, m&m<DmmteffiM,j&-B:m 1 8 3 <D^mm 

ggflfeffjl 1 6 

feTife^« 191 192 {D^mmfrz-? h vzxmzm 

. 7^iiima>siSiij*fiJi 193 teJtcom&vfr&mm 193 s^s® 
_l® 1 9 3 c-t$mwL^mt.mvcmti-z*i-c^2>o ^ft 

^^^(Di^^^iS 19 3 C0J^®fi!l(C«M@ (1-10 0) Sfe^g^iS 

mmi$ffi£k!&&m 193 ©^M^tct d fe^twxt^s. 
mmm 1 7 

25 ^nm^msfi 5 5 m\ZKk\sfc*Mftmytm s ?%mm-rz>jjm-z& 

^6 3 0&V>Lfg6 8l3^#BlbT^©iiit^^^X@I©tC|^B^-r?>, 
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nSGaN!2 0 1 ^TMftltLT^^tfMOCVDS^i'HiO 
&J&~r2>, ^©tt, nIGa Ni 2 0 1 \t.Mfflfr nIti&5M(i 

5 It^nl0GaNl2O l^MtSilii^fS. 

7X^12 0 2 £nM©G a NJI 2 0 1 _b©:£M b , $ t>\zm=? 

&M]&*?2>mm\ztt]fcisXi r x?m 2 0 2 ^i^lt*^^©^^ 

10 2 0 3 ^1tMtS, 

^viT, 16 5 BfcjK-r.fc'Sfc, m&.i&&&ftt>ti* ®mm2 03^ 

^MIl^^MfilTfe^nl (A 1 ) GaN|2 0 4tfim& 
$tl5, :®nS (A 1 ) GaNl2 0 4tt^7yHItlTtiML 

15 ^©MbfciIl:^bT$eCSftltfe§ I n G a Ni 2 0 5 i 
pi (Al) GaNi2 0 6 6 6 0©ci; 3 fcSfJPT &o 
5InGaNl2 0 5 [i8f B fig5i-?S5 (A 1 ) GaNf2 0 4OS 

m\zm-oxm^m.2 o o ©Affile 5pff-c?a:<®«E$n, ^©^te«© 

20 -t-ftfclZifir)&%vXmj£%nZ>. InGaN|2 0 5±l;flAl 

G aNM&mtfZVTh&^o 

7 m\z^T<k? fc, VX^Ji±fcMA^Poly-G a Ntf'jsfc* 
bfc»^fcrask#fcfiP#£xy ^^TflifcSU ?X^I2 0 2 

25 If iit'iaD pt!2 0 9 tft^N i / P t / Au^N i (Pd) / 
P t /Aufea, n«M7 8 i /A 1/Pt /Au&f$3> 
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9 2 hm^,2 0 7 fcU -7 V*yUEKL& VT&J&V (^6 80) , 7n-f 
\ft 5 z. £ tSS± c * ft s § . 

aN#I§UVI/-fOD-77^7»607yi/-'>3 >fC 
J: 0 T-f raSK^SdBiT?** £ ^ "5 38£r (APL-75-10, 1360-2, W. S 
10 .Wong etc.) t>&3 0 ^nSrfiJffl-mfcfT:/ V-S/ a >1»**«fcXs/ 

Hi^ i 8 

m 6 9 Hfcg&Jfifcl 1 8 ©^«flc3B3te5ji : ?©*ljS£^'r. 2 1 

0±te»#«K:f&2J««JH2 1 l*tJgj$£*U ^^2^fiil2 ll^g 
5«fc5K:flll3**Jl2 1 1, ^ffi«2 1 3> 121112 1 9*«^fiJ5$ 

©14* 2 l 3 ©laiiigi^lo^iiaJ; !9 fe^cf ftt-f Xt^5 
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^;i/iyi5S^^T«, (1-101) M^^^'b (11-22) ( 
5 1-100) i&if©$)ii^2&o, z.tLt>&&-E.m!&vtzmm\z-D\,* 

M&B&'LEDMnZ: bt-UW&A 1 G a I n P m^mU^hjM 
%iMf&&-T:$>2>tf. (0 0 1) Itll^lT (Oil) ffl, (111) 

®, (i r-n muE(D^m^$> m%fc$kft-cj%-&-?z> z.tiiz 
mmm 1 9 

17 0 HfC^-r«t-5(^ MZ-ttC (0 
0 0 1) ®+f- 7 t< 7K&©#n#/&ft»4£2 2 1 ±CnIG aNlii^ 
ft5TifiEftl2 2 2 5MOCVD (MOVPE) fete E \Z <fc 0 ^HJ& 
15 ft§. 

^^-T^o ^©7X^1 2 2 3 IC«A^^^0WP§15T^^^^^2 2 
4 7^/&$*l> 2 2 4 5^£jg^J&fi(C<£oT?«£:n£:®T® 

20 Hif t©ig^^fiI2 2 5^I^$nTVi-5. u(D^MIl2 2 5 

aNitA 1 G aNi^^&O, J t(Dm^\tmiE=.Mm 
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i2 2 6*j;i;pi^7^ \ t mtvTmm?z>m2mnm2 2 7(^s 

f&ft«2 2 5 0 S ® SSIt S i 5 C»^SnT* 0 , M#JI 2 2 6 fc£ 

MiRj&^fc£ vm}$.tznrc%i§$ i f8,&m 2 2 5 ©s®K:»oTjd5:ft£«2 

5 2 1 <D^®tc¥fT"e^<M^$nTV^„ l2ltl 2 2 7tt{S|i«p 
IG a NJB^A 1 G a Ng5&\£&3o 2 2 6 Jt l£ V> fc> «$> £ A 1 

2 2 7©gI^l:Mt5$2iit0#®i&l9, £©#®J&*?£tt 
«2 2-6T?^^Lfc^OSItM2 4 0 
10 ^2lii2 2 7±lltt, 17 0 Sfc&^T^©^^^"^^ 
ptItbtiHtl)^2fW«A[iN i /P t /AuftfO# 

1 /A I/Pt / Aufti'O^I^liaoTV^^I^lPlfcgl! 

R&^\z&^xmi&tsnrzMmm&W£¥ftizntEtsnr£Biftt'ffi2 a o 

17 1 Sa^f^if OS^?gtlr®iT$ §. £ <Z) 0 1~ & V> 

25 mO^Lfe^5ii:^:oT*5D, TMfif2 2 2©I®M!3aiU^ 

2 2 8 tUT«iT5. f£&. T*M*«2 2 2 l^>iJn>?ii^F- 
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§70 a^^Tcfc o \z, m&m 2 2 6fr$m2m i mm 2 2 7$ncm;*j$ 

fc» gft!2 2 6^6MDflll/^2 2 8 f^bTtttB D fcB L- 

<£>c= S i n" 1 (n,/n 2 ) 

^-T^O. n,= l, n 2 = 2. 4fc*3^T«c= 2 4. 6 ° ) 
15 1 0fc^-T«l3i^*^T«> ^Dfflt^I 

£&\zytmtfmmi£tiT&i<Dj5faizR%-r2>. Jtorcftytmo mi>&2 
z\<D£o\z&^mm<D¥mfcmytm?\z&^-i:fe, mmiz^tm.^ 
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, w,i 5 m\%n^fe&&&Wc%T%fc&(D^T)v&7K~tm'T?& sg7 

o0y5al/-ya > 43 T te: , $72 IZ, m&ffift 

10 -JB5fs(5n = 2. 4, SSJM^it^ 7 0 1 0 tfmigtl, £ 

15 ^7 5 0lC^-Tck-5 \Z, JfiSS|fe#tetl,Tv S#t£®#T*n = 

1. 6 5 0^7 7-f7lttL> ffitti^$d/2©fiilri«2 0 

-r cme.^74iat$7 6 stc^-r a. i/— a >©i§r*j&> 
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ifl^Mi^CilMb^BSut^TfS. Scfc, OT2 4 0 

15 ^Lfc3t»S<$f«t»< it^tf 5. * 

2 2 6a**ttfc#*bTV>**jg&£*fca&, ffittI2 2 6 

£ < & <£> d <h fe & V* <h V* -5 *iJ,& fe# £ tl Z> o 
20 ggjfcff) 2 0 

*^I0*Jtt, X 7Vl<D®iM t J&-&m 2 5 4 £/&«**£2 5 0 ±\Z 

&tifrZ>M~?&y. %1 7 SfC^f ZolZ, SgSSS2 5 0J:M$n 
fcTi&J&S/f 2 5 1±0?X^12 5 2 ©^WB7 f*7>r:/tt©|g 
S^SJi 2 5 4i)Wl&-£nT^Z>a Xh7-f^©^Mfii2 5 4fi 
25 "€-CD#J®2 5 6#SS®<h£tU «»Lfcflffi2 5 6fcfefitti2 5 5A« 
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mmm 2 1 

:B;£#JBtt©»l&j£:B» 2 6 4 £j5&SS1£ 2 6 0 ±\Z& 

2 6 1 ±07X^12 6 2 ©igjg#j&>5X h7-f^T*^ 
10 S^ttOiSfi)clI2 6 4*tMSnT^5. S^-&^^c©^S^ 
§J1 2 6 4 }t^r<DMm 2 6 3 S^S® tStl, S^^|6](D^gRO® 2 6 
4tt (1 1-22) ®£2n3«, SgHJ&fiJl 2 6 4CD±® 2 6 3 C tt£ 

«!l® 2 6 3 S, S2 6 4, ±® 2 6 3 C fcfcJgSESfu 

mmm2 2 

*nffi^tt, !§ 7 9 ^tc^-r j; 3 ic, mfti$m®L<Dm$kj& j &m 2 7 4 

Sr^SS1S2 7 O_LK^f&T30»JTr&D, ^fiSt2 7 0±?^^$nfe 
TiM*Jl 2 7 1 ±©TX^IS 2 7 2 (DJ&fcmfrf? h U ^X#clClB#l 
25 StlfeA^ — >T?pgft«6-&»tt©«ga^fiS 2 7 3^M$tlTl^. 

Eg^^#^^©^^^«e 273 fe-tvm&vtz-' Mm 2 7 3 s&sm 

83 



WO 02/07231 



PCT/JPOl/06212 



tsn, m&M&vfr—wm 2 74« (11-22) it$n§. £gn 

2 7 3 ©±® 2 7 5 3 CliifiiStl^DCSt^ns. 
te^^B&LT^S/^ M$-LfcM2 7 3 S, B2 7 4, ±12 7 

10 ilM2 3 

^^S»^2 8 o±c^^t s^jt&d, /&SS4S2 8 o±^^$nfe 

Tite^S« 2 8 1 ±(D?X^12 8 2 ©M*§fcfr£>V h U ^X«(C@2^!l 

15 ^if^o^i^n 2 8 3 feJt&m&vfz.&mm&smtzn, ^-n 
fc#sii:i[}^Tift$ti, ^iMM^^e®?) m^ti^Tt^ 

mmm 2 4 

fg8 1 HICtkTJ:? fc. ^i^itOM^fi!2 9 
25 3 £/&*»«2 9 0±^^^-r^^JTabO. 9 0±^^$tl 

fcTHiifSM 2 9 1 ±(D^X^M2 9 2 h U ^XtffClS 
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. ^nm^m^i(Dm^^m 2 9 3i^omi/H«2 9 3 s^s 
®££n, ±® 2 9 3 c«iBi^ccit^nTH5. a 

&mmWL<Dife&f8u&m 2 9 3 ©JgTSMKlteM® (1-10 0) 

*»#fifti§ ^ e» m. x> m £ n s ^ s ® t ¥ff £ m«e s nrc k m m t m 

2 5 

*mmm\z, 1 8 2in^ti^n, A^tf^©^iMi2 9 8 

15 tift«O^M«l2 9 9 £fi£:B*«[2 9 5 _LfcJ*jfc?- 

D , /&^»^2 9 5±f^JtlfcTWS12 9 6±©?^^I2 9 7 

m&m 299 t A^ii^^oiga^^w 2 9 8 t^actn^noi 

20 9 fi-^OM^bfc— OHM 2 9 9 S^SBtStl, iOiilfc-fflffl2 
99ZI1 (11-22) ®££n&<, £g||fi£gJi 2 9 9 CD_k® 2 9 9 C 

«$-bfc&#J® 2 9 8 S^SIt^nS. M«««ia^^«BSbTV^ 
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5 mmm 2 6 

^83 itSti 5 fcl, t77-f 7l^£®Sl(Mi3 0 0 J:^, 
niGaN|3 0 1 £TifeJ&S® £ b T#lx_fcfM O C V D <H «fc D 
10 Z\<Dt&, nlGaNl3 0 1tt»5nlti55^tt 

^tfnI©GaNl3 0 1 Wn^i^Tf 5. 
^(C^8 4ISIlC^-rJ:'5{C, C VD^^ICJ; 0 >-U 3i>mfbm, 5/ U 

15 -77^13 0 2 §nlOGaNl3 0 llOilillMl, $^>{C*^ 

303 &m&Mf&-r&o 
m^x. ms 5 euc^t^ \z. mvif&&&ftt>n. W303* 

e>igft^glC«J; DiAMf-?$§ nS? (A 1 ) GaNi 3 0 4« 
20 £n&o cl©niy (Al) GaNl 3 0 4(t^7 7 Hli ttfeitSL/ 

Z.<Dm&VfcMm\ZttVTtE <E>\zm®imZi?3LZ> InGaNl3 0 5 t 
(Al) GaNl 3 0 6 ^8 6@Oi^tiit§. gttlift 
5InGaNl3 0 5i^^ftitfe5 (A 1 ) GaN|3O40S 
25 I(:»oT)ilMS3 o O0±It¥ra<lft$n, ^©SttJSo 
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0, -f-#&X£a*D £&oT7«£*i5o InGaN|3 0 5Jhl:(iAl 
GaN*ty^i*MbTt>fi^. (A 1 ) GaNi3O60« 

$&Mt£ti\Z&K) pi!3 0 9 £:&3N i / P t/Au&i', n*H3 0 
8 <h&3T i /A 1 /P t/Au&££:3>^ hfg#3 0 7 C'J7h 
:*:7fc£lc:«fcDJ&ri5U (18 81) , ru^fat^Z. £T~Mm±\z33tf 

io #{cp«@3 o 9 ufcMmt isxmm-tz pm (a 

1) GaN! 3 0 6 0±Cffi£$n5fcfe, pit3 0 9 l^fi^ltl 

^j&iBtm iz u x hmmrz z. t & . 

<Tt><fcV>. ^T'fTifctlSlSfil/fcGaNifitt, D-77 

-f 7/Ga NlfS^UV I/ — *f<D*)rZ? T -i ^©7^U- ^ a 

«t t) 1^37 7"f 7SS^ StVOSft (APL-75-10, 1360-2, W. S 

20 .Wong etc.) Z.n^mmttatT — a ^tt^fclf 

^>^(cj;o-tfiia©^«m (fdi^«i8&) &#*rr*E£T?, £©pg 
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